PreQ 1 was synthesized as described (Klepper et al., 2007) except for the final step of preQ1 isolation from the reaction mixture. Instead of a silica column, acid-washed cellulose (Fluka) was used with saturated NH 4 OH in butyl alcohol, and the solvent was evaporated under vacuum. PreQ 1 was further purified by reverse phase HPLC (Vydac C18, 460 mm x 10 mm, 5 um, (Shimadzu)) with a flow rate of 5 ml/min using an isocratic mobile phase of 20 mM ammonium acetate. The collected fractions were frozen and lyophilized, yielding ~50 mg white powder of preQ 1 . PreQ 1 was pure as judged by NMR spectroscopy. PreQ 1 was dissolved in filtered water to make 100 mM stock solution.
In addition to the hydrogen bonds inferred from NOEs arising from the imino proton resonances ( Figure   1 and data not shown), hydrogen bonds in P1 base pairs (A3-U24, G4-C33, A5-U22, G6-C21, C7-C20), P2 base pairs (G13-C33, A12-U34) (Watson-Crick), and U9-A32 (Hoogsteen), and P1-L3 interactions (G7-A30, G4-A25, and A5-A27) were directly detected by HNN-COSY experiments (Dingley and Grzesiek, 1998; Dingley et al., 2000; Dingley et al., 2008) (Figure S4 and data not shown). These and all other hydrogen bonds in the preQ 1 binding core were supported by the observation of slowly exchanging resonances, 15 N chemical shifts, and numerous NOEs. Since preQ 1 was not labeled, we could not directly detect hydrogen bond between it and C19, A32, and U9. However, strong NOE crosspeaks were observed between the preQ 1 imino and C19N4H1, N4H2, and H5, characteristic of a normal Watson-Crick G-C pair. The interaction between preQ 1 and A32 was defined by NOEs between their respective amino groups and between preQ 1 H9 and A32 amino. There is also a strong crosspeak between preQ 1 H9 and U9H5. Similar sets of NOEs were observed for the base quartet below and the base triple above the preQ 1 quartet. The three layer binding pocket was also confirmed by NOEs between the layers, e.g. A32H2 to C33 H1' and C20H1', and A18H2 to U34H1' and C19H1. A series of NOE crosspeaks were also observed between the slowly exchanging and unusually lowfield shifts C20 2'OH to nearby protons on C7, C19, C20, C21, A31, A32, C33, and preQ 1 ( Figure S5 ).
Structure determination
For structure calculations, inter-proton distances were generated from 2D-filtered/edited NOESY as well as 2D NOESY spectra acquired in D 2 O and H 2 O. NOE distance restraints were classified as strong (1.8 -3.7 Å), medium (2.5 -4.5 Å), and weak (3.5 -6.0 Å). Dihedral angle restraints (α, β, γ  and δ) were incorporated into the structure calculations as described (Wu et al., 2001) . The topology and parameter files for preQ 1 were obtained from HIC-Up (Hetero-compound Information Centre-Uppsala) (Kleywegt and Jones, 1998) . The final structure calculations included hydrogen bond restraints for the (XPLOR-NIH 2.9.8), starting from extended, unfolded RNA and preQ 1 , separated by 70 Å, by using NOE distances and dihedral angle restraints. 200 structures were calculated initially, and the 50 lowestenergy structures were chosen for the final refinement. Experimental restraints and structural statistics for the 20 lowest-energy structures are given in Table 1 . All structures were viewed and analyzed with MOLMOL (Koradi et al., 1996) and PYMOL (DeLano Scientific, Palo Alto, CA).
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